Summary. In-vitro treatment of preimplantation mouse embryos with spermine and spermidine biosynthesis inhibitor, methylglyoxal-bis-(guanylhydrazone) (MGBG) 
Introduction
The naturally occurring polyamines, putrescine, spermidine and spermine, are ubiquitous in bio¬ logical systems. The stimulation of cell growth and division, both in vivo and in vitro, is associated with an increase of the rate of polyamine biosynthesis (Heby, 1981) . Several recent experiments, based on the use of polyamine synthesis inhibitors, have revealed a requirement for polyamines during early development in invertebrates and vertebrates (Brächet, Mamont, Boloukhère, Baltus & Hancoq-Quertier, 1978 ; Kusunoki & Yasumasu, 1978;  Heby  Löwkvist, Heby & Emanuelsson, 1980; Russell, 1983; Löwkvist, Emanuelsson & Heby, 1983) . However, our present knowledge of the role of polyamines in the development of the mammalian pre¬ implantation embryo is very limited. Alexandre (1979) has shown that in-vitro treatment of mouse embryos with spermidine and spermine biosynthesis inhibitor, methylglyoxal-Zx's-(guanylhydrazone) (MGBG) , from the 2-cell stage onwards reversibly arrested cleavage at about the 8-cell stage. Ultrastructural analysis (Gueskens & Alexandre, 1982) revealed a possible role of polyamines in nucleolar formation. On the other hand, treatment of mouse developing embryos with the putrescine biosynthesis inhibitor, DL-a-methylornithine, did not affect cleavage and cavitation of the embryos (Alexandre, 1979) .
The purpose of this study was to examine the effects of MGBG and a-methylornithine, as well as a new, more potent, inhibitor of putrescine biosynthesis, DL-a-difluoromethylornithine (a-DFMO), on DNA synthesis and growth of early mouse embryos cultured in vitro. We have also determined whether an exogenous supply of polyamines was beneficial to embryos incubated with inhibitors of polyamine synthesis.
Superovulation was induced by intraperitoneal injections of 5-7-5 i.u. PMSG (Serogonadotropin: Biowet, Drwalew, Poland) followed by 5-7-5 i.u. hCG (Chorulon: Intervet, Boxmeer, The Netherlands). Immediately after hCG injection females were caged with males and successful matings were verified the following morning by the presence of vaginal plugs. Mice were killed 3 days later by cervical dislocation and embryos were flushed from dissected oviducts using phosphate-buffered isotonic saline (PB1, Whittingham, 1974) . Embryos (usually at the 8-cell stage) were pooled and stored in medium PB1 for 30-60 min before starting the culture.
Embryo culture. Eight to 10 embryos were placed in a drop of 100 µ BMOC-3 medium (Brinster, 1972) Roblero, Beas & Arrau (1981) with slight modifications. After incubation the embryos were washed 5 times in medium PB1 containing unlabelled thymidine 100 times more concentrated than in the culture drop. Then, the embryos were placed in 0-1 ml sterile twice-distilled water and frozen and thawed 5 times to achieve cell rupture. The last thawing was carried out in ice by adding 0-3 ml of a 1 mg/ml solution of calf thymus DNA (Reanal, Budapest, Hungary) as a carrier. Proteins were digested by incubating the disrupted embryos with 100 µg pronase/ml (Calbiochem, San Diego, CA, U.S.A.) for 30 min at 37°C, and the nucleic acids were precipitated with cold 10% trichloroacetic acid (TCA). To remove RNA, the precipitated material was dissolved in 0-4 ml 0-6 M-NaOH containing 25 mM-ethylene diamine tetraacetic acid and hydrolysed at 37°C for 1 h followed by pre¬ cipitation with cold 20% TCA. The 
Results
The results of experiments to characterize the nature of DNA synthesis in mouse embryos cultured in vitro are summarized in Table 1 . The embryo DNA synthesis, as measured by tritiated thymidine incorporation, was highly sensitive to arabinosylcytosine and aphidicolin, drugs which have been reported to inhibit primarily 'replicative' DNA-polymerase-a-dependent DNA synthesis (Hübscher, 1983) . Hydroxyurea at 1 mM concentration inhibited.
[3H]thymidine incorporation by about 40%. The inhibition was much higher (95%) at 5 mM-hydroxyurea, but at this concentration of the drug about 50% of the embryos degenerated during culture for 2 days. Moreover, the radio¬ active, TCA-precipitable product was nearly 100% destroyed by DNase and hot perchloric acid To search for the possible involvement of polyamines in the regulation of DNA synthesis and early development of mouse embryos, 3 inhibitors of polyamine biosynthesis were used: -methylornithine and a-DFMO, specific inhibitors of ornithine decarboxylase, the enzyme which catalyses the synthesis of putrescine from L-ornithine (Mamont et al., 1976; Metcalf et ai, 1978) , and MGBG shown to inhibit specifically S-adenosyl-L-methionine decarboxylase, the key enzyme on the pathway of spermine and spermidine biosynthesis (Heby, Marton, Wilson & Gray, 1977) . MGBG, at concentration of 10 µ , induced developmental quiescence of mouse embryos cultured in vitro ( [3H]thymidine incorporation, was also inhibited (by 86%) in the presence of MGBG. In contrast, the inhibition of putrescine biosynthesis by a-methylornithine or a-DFMO, which represented the competitive or non-competitive inhibitors of ornithine decarboxylase, at the concentration of 10 or 2 mM, respectively, failed to inhibit both blastocyst formation and DNA synthesis ( reflected true nuclear DNA replication, since it was inhibited by aphidicolin, arabinosylcytosine and hydroxyurea and the product was DNase sensitive. Aphidicolin is a specific inhibitor of the 'replicative' DNA polymerase- (Hübscher, 1983) , whereas arabinosylcytosine and hydroxyurea are the drugs that have been claimed to inhibit primarily semiconservative DNA replication (Furth & Cohen, 1968; Ingaki, Nakamura & Wakisaka, 1969; Cleaver, 1969) . It has been claimed that tritiated thymidine might interfere with the in-vitro development of mouse embryos, due to their sensitivity to irradiation from ß-emitters (Macqueen, 1979; Spindle, Wu & Pedersen, 1982 ( -methylornithine and -DFMO) demonstrates that the synthesis of spermidine and spermine is critical at this early stage of development. MGBG seems to induce a metabolic quiescence of the embryos with regard to both DNA replication and cell proliferation. From the data presented in Fig. 1 (1978, 1979) showing that the selective inhibition of spermidine and spermine synthesis by MGBG inhibits the development of mouse embryos before the occurrence of cavitation. On the other hand, in contrast to the results obtained with invertebrate and chick embryos (Brächet et al., 1978; Löwkvist et al., 1980; Löwkvist et al., 1983) (Fozard et al., 1980 ) that treatment of pregnant mice with -DFMO (included in the drinking water) suppressed the increase in uterine ornithine decarboxylase activity associated with embryogenesis and arrested embryonic develop¬ ment on Days 7-8 of gestation. From these experiments, however, it is difficult to assess whether the embryo itself was the site where the inhibition of ornithine decarboxylase was functionally important. It has been also shown (Van Winkle & Campione, 1983 ) that the outgrowth formation by diapausing mouse blastocysts in vitro was blocked when polyamine synthesis inhibitors, -methylornithine and/or MGBG, were included in the culture media. In the present work we also found a significant inhibitory effect of -DFMO on embryo DNA synthesis on the 3rd day of culture, when most of the embryos are at the late blastocyst stage (Fig. 1 ). These observations suggest that at later stages of development putrescine biosynthesis might play an important role in mouse embryo development. However, our present results as well as those of Alexandre (1978 Alexandre ( , 1979 suggest that, in cleavage-stage mouse embryos, spermine and spermidine are the polyamines of primary importance. We have therefore confirmed, with the use of a new, more potent and irreversible inhibitor, that, at this stage of development, the increase of ornithine decarboxylase activity is possibly not a prerequisite for the initiation of embryo DNA synthesis and cell prolifera¬ tion. The existence of a high pool of endogenous putrescine might be the possible explanation of this phenomenon. This pool might get exhausted at later stages of development thus rendering the embryos sensitive to the inhibitor of putrescine biosynthesis. However, due mainly to the scarcity of embryonic material, no direct information about changes in embryo S-adenosyl-L-methionine decarboxylase and ornithine decarboxylase activities or embryo polyamine content during early development in mammals is available.
Reversal of the MGBG effect by exogenous spermine and spermidine, reported in the present work, suggests that at least one of the primary effects of the drug on mouse embryos cultured in vitro is the inhibition of polyamine synthesis. Alexandre (1979) observed that 50 µ -spermidine and -spermine were toxic to mouse embryos cultured in media containing bovine serum albumin.
Nevertheless, we have shown, using [3H]thymidine incorporation and percentage of blastocysts formed to assess the development of embryos, that spermidine (2 mM) or spermine (0-2 mM) pro¬ duced no adverse effects, and that both polyamines protected these mouse embryos against MGBG treatment. Our results may support the previous suggestion (Van Winkle & Campione, 1983) that it is not the polyamines themselves but the products of their oxidation by ruminant plasma amine oxidase, contaminating some preparations of commercially available bovine serum albumin (Tabor & Tabor, 1972) , that are toxic for early mouse embryos.
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